Rationale Effort-related motivational symptoms such as anergia and fatigue are common in patients with depression and other disorders. Research implicates pro-inflammatory cytokines in depression, and administration of cytokines can induce effort-related motivational symptoms in humans. Objectives The present experiments focused on the effects of the pro-inflammatory cytokine interleukin 1-beta (IL-1β) on effort-related choice behavior. Methods Rats were tested on a concurrent fixed ratio 5 lever pressing/chow feeding choice procedure, which assesses the tendency of rats to work for a preferred food (high carbohydrate pellets) in the presence of a concurrently available but less preferred substitute (laboratory chow). Results IL-1β (1.0-4.0 μg/kg IP) shifted choice behavior, significantly decreasing lever pressing and increasing intake of the freely available chow. The second experiment assessed the ability of the adenosine A 2A antagonist (E)-phosphoric acid mono-[3-[8-[2-(3-methoxyphenyl)vinyl]-7-methyl-2,6-dioxo-1-prop-2-ynyl-1,2,6,7-tetrahydropurin-3-yl] propyl] ester disodium salt (MSX-3) to reverse the behavioral effects of IL-1β. MSX-3 attenuated the effort-related impairments produced by IL-1β, increasing lever pressing and also decreasing chow intake. In the same dose range that shifted effort-related choice behavior, IL-1β did not alter food intake or preference in parallel free-feeding choice studies, indicating that these low doses were not generally suppressing appetite or altering preference for the high carbohydrate pellets. In addition, IL-1β did not affect core body temperature. Conclusions These results indicate that IL-1β can reduce the tendency to work for food, even at low doses that do not produce a general sickness, malaise, or loss of appetite. This research has implications for the involvement of cytokines in motivational symptoms such as anergia and fatigue.
INTRODUCTION
Motivated behaviors can be characterized by a high degree of behavioral activation and work output, and organisms frequently make effort-related decisions based upon analyses of motivational value and work-related response costs Salamone et al. 2002) . Effortbased choice behavior is studied using tasks that offer choices between high effort options leading to highly valued reinforcers vs. low effort/low reward options . Exertion of effort in motivated behavior and effort-related choice behavior are regulated by neural circuits involving nucleus accumbens dopamine (DA), prefrontal/ anterior cingulate cortex, ventral pallidum, and basolateral amygdala (Salamone et al. 1997 Walton et al. 2003; Cagniard et al. 2006; Floresco and Ghods-Sharifi 2007; Mingote et al. 2008a; Font et al. 2008; Farrar et al. 2008 Farrar et al. , 2010 Hauber and Sommer 2009; Mai et al. 2012; . It has been suggested that tasks measuring effort-related choice behavior could be used as animal models of motivational symptoms such as anergia and fatigue, which are seen in patients with major depression and other conditions (Salamone et al. 2006 ; Dantzer et al. 2012 ). This suggestion is consistent with recent human studies showing that decreased selection of high effort/high reward options is seen in patients with major depression (Treadway et al. 2012 ) and also in schizophrenics manifesting a high degree of negative symptoms (Gold et al. 2013) , whereas the opposite effect is produced by administration of amphetamine (Wardle et al. 2011) .
Cytokines are known to play a critical role in the regulation of the immune system, which coordinates physiological responses to infection, injury, and foreign antigens (Dantzer 2001) . Evidence gathered over the last few decades has demonstrated that pro-inflammatory cytokines play a role in aspects of depression, including motivational symptoms, such as psychomotor slowing, anergia, and fatigue (Bret-Dibat et al. 1995; Dantzer 2001; Raison et al. 2006; Felger and Miller 2012; Dantzer et al. 2012) . Depressed patients have elevated levels of pro-inflammatory cytokines, such as tumor necrosis factor alpha, interleukin 6 (IL-6), and interleukin 1β (IL-1β) as compared with the general population (Dowlati et al. 2010; Hiles et al. 2012) , and high levels of IL-1β in depressed patients were predictive of a lack of therapeutic response to the antidepressants nortriptyline and escitalopram (Cattaneo et al. 2013) . In addition, patients with cancer or viral infections are often treated with these cytokines, and side effects of this treatment can involve depressive-like symptoms, including fatigue/anergia (Capuron et al. 2002 (Capuron et al. , 2009 Felger et al. 2012a) . In fact, fatigue and loss of energy are reported to be the most common symptoms induced by interferon alpha (IFN-α; these symptoms occur in 80 % of patients receiving treatment with IFN-α (Miller 2009; Felger et al. 2012a) . Moreover, patients that received IFN-α treatment, when compared with medically healthy people with major depression, showed less agitation and suicidal ideation, but significantly greater psychomotor slowing (Capuron et al. 2009 ). Pro-inflammatory cytokines are thought to influence brain function in multiple ways, and there is evidence that they act on macrophage-like cells in the choroid plexus and circumventricular organs that induce the central synthesis of cytokines, which in turn diffuse into the brain tissue (Dantzer 2009 ). In addition, peripheral cytokines can act on afferent branches of cranial nerves such as the glossopharyngeal and vagus, instigating the central production of cytokines by microglia (Dantzer 2009 ). Centrally acting cytokines affect transmission of brain monoamine systems, including DA, norepinephrine, and serotonin, all of which have been implicated in depression (Song et al. 2008; Miller 2009; Dantzer 2009 ). Recent evidence suggests that mesolimbic DA may be particularly sensitive to inflammatory cytokines, where they have been reported to interfere with vesicular DA storage and DA synthesis (Felger and Miller 2012) .
In rats and mice, administration of IL-1β produced depressive-like effects in commonly used tasks such as the forced swim and tail suspension tests (Minor et al. 2003; Dunn and Swiergiel 2005; Hanff et al. 2010 ) and also reduced social exploration and locomotor activity (Castanon et al. 2001) . Lipopolysaccaride, a component of the outer membrane of gram-negative bacteria, increased the expression of inflammatory cytokines and induced depressive-like effects in mice tested on the tail suspension and forced swim tests (Frenois et al. 2007; O'Connor et al. 2009 ), and intracranial administration of IL-6 to rats produced depressive-like effects in the forced swim test (Wu and Lin 2008) . In addition, some studies indicate that administration of cytokines to rodents can affect behavioral activation and exertion of effort in rats responding on instrumental tasks. Injection of the cytokine inducer polyriboinosinic/polyribocytidylic acid decreased spontaneous wheeling in rats (Katafuchi et al. 2005) . Furthermore, Merali et al. (2003) reported that administration of IL-1β to rats reduced lever pressing on a progressive ratio schedule.
The present experiments characterized the ability of the pro-inflammatory cytokine IL-1β to alter effort-related choice behavior as assessed by the concurrent fixed ratio 5 (FR5)/ chow-feeding procedure (Salamone et al. 1991 . This task assesses the tendency of rats to work for a preferred food (high carbohydrate pellets) in the presence of a concurrently available but less preferred substitute (laboratory chow). Thus, rats can either lever press on a FR5 schedule of reinforcement for a more preferred food (high carbohydrate pellets) or approach and consume the less preferred laboratory chow that is freely available in the operant chamber. Rats trained on this procedure receive most of their food by responding on the lever for the more preferred sucrose pellet and eat very little of the freely available chow. Previous research has shown that this task is sensitive to the effects of various pharmacological manipulations, including low doses of DA antagonists and accumbens DA depletions or antagonism (Salamone et al. 1991 (Salamone et al. , 2002 Farrar et al. 2010) , stimulation of accumbens core adenosine A 2A receptors ), or stimulation of GABA A receptors in ventral pallidum ), all of which shift choice behavior by decreasing lever pressing and increasing chow intake. This shift in choice behavior is not dependent upon changes in food consumption or preference and is not mimicked by pre-feeding or appetite suppressant drugs, which fail to increase chow intake at doses that suppress lever pressing (Salamone et al. 1991 (Salamone et al. , 2002 Cousins et al. 1994; Koch et al. 2000; Sink et al. 2008; Nunes et al. 2013) . In the present study, experiment 1 examined the ability of the pro-inflammatory cytokine IL-1β to produce effort-related impairments in rats tested on the concurrent FR5/chow-feeding procedure, and it was hypothesized that IL-1β would decrease lever pressing but increase intake of the concurrently available lab chow. Experiment 2 studied the ability of the adenosine A 2A antagonist (E)-phosphoric acid mono- [3-[8-[2-(3-methoxyphenyl) vinyl]-7-methyl-2,6-dioxo-1-prop-2-ynyl-1,2,6,7-tetrahydropurin-3-yl] propyl] ester disodium salt (MSX-3) to reverse the effort-related effects of IL-1β. MSX-3 was studied because of research showing that adenosine A 2A antagonists can attenuate the effort-related effects of DA antagonists Nunes et al. 2010; Santerre et al. 2012 ) and can produce effects that are consistent with the behavioral profile of an antidepressant in rodents tested on the swim test or tail suspension task (El Yacoubi et al. 2003; Hodgson et al. 2009; Hanff et al. 2010) . Finally, control experiments assessed the effects of IL-1β on food intake and preference and on core body temperature.
Materials and methods

Subjects
Adult male, drug-naïve, Sprague Dawley rats (Harlan Sprague Dawley, Indianapolis, IN, USA) were house in a colony maintained at 23°C with 12-h light/dark cycles (lights on at 7:00 hours). Rats (n =32) weighed 290-340 g at the beginning of the study and were initially food restricted to 85 % of their free-feeding body weight for operant training. Rats were fed supplemental chow to maintain weight throughout the study, with water available ad libitum. Despite the food restriction, rats were allowed modest weight gain throughout the experiment. Different groups of rats were used for each experiment. Animal protocols were approved by the University of Connecticut animal care and use committee, and followed NIH guidelines.
Pharmacological agents and selection of doses:
Recombinant rat IL-1β was obtained from R&D systems (Minneapolis, MN, USA) and was dissolved in 0.9 % saline that also served as the vehicle control. The doses of IL-1β were based on previously published data (Merali et al. 2003) and on extensive pilot studies conducted to determine the time intervals and the precise dose range to be used (pilot studies showed that higher doses of IL-1β, such as 8.0-10.0 μg/kg, suppressed both lever pressing and food intake). MSX-3 was provided by Christa Müller at the Pharmazeutisches Institut, Universität Bonn, in Bonn, Germany (Hockemeyer et al. 2004) . To prepare the drug solution, MSX-3 (free acid) was dissolved in 0.9 % saline, and pH was adjusted by titrating with microliter quantities of 1.0 N NaOH until the solid drug was in solution. The final pH was usually 7.5±0.2 and was not allowed to exceed 7.8.
Behavioral procedures:
Behavioral sessions were conducted in operant conditioning chambers (28×23×23 cm; Med Associates). Rats were initially trained to lever press on a continuous reinforcement schedule (30-min sessions, during 5 days) to obtain 45-mg pellets (Bioserve, Frenchtown, NJ, USA), and were then shifted to the FR5 schedule (30-min sessions, 5 days/week) and trained for several additional weeks. Rats were then trained on the concurrent FR5/chow-feeding procedure. With this task weighed amounts of laboratory chow (typically 15-20 g, three large pieces; labortory diet, 5P00 Prolab RHM 3000, Purina Mills, St. Louis MO, USA) were concurrently available on the floor of the chamber during the FR5 sessions. At the end of the session, rats were immediately removed from the chambers, and food intake was determined by weighing the remaining food (including spillage). Rats were trained until they attained stable levels of baseline lever pressing and chow intake (i.e., consistent responding over 1,200 lever presses/30 min), after which drug testing began. For most baseline days, rats did not receive supplemental feeding; however, over weekends and after drug tests, rats usually received supplemental chow in the home cage. On baseline and drug treatment days, rats normally consumed all the operant pellets that were delivered from lever pressing during each session. For the food preference study, rats were trained for several weeks in 30-min sessions in which both Bio-serv pellets and laboratory chow were concurrently and freely available for consumption. At the end of the session, rats were immediately removed from the chambers, and food intake was determined by weighing both of the remaining foods (including spillage).
Experimental procedures
Rats were trained on the concurrent FR5/chow-feeding procedure (as described above) before testing began, and each experiment employed different groups of rats. Experiments 1-4 used a within-groups design; with each rat receiving all intraperitoneal (IP) drug treatments in their particular experiment in a randomly varied order (one treatment per week, with none of the treatment sequences repeated across different animals in the same experiment). Baseline (i.e., nondrug) sessions were conducted four additional days per week. Behavioral measures included both the number of lever presses and the amount of freely available lab chow that was consumed. The specific treatments and testing times for each experiment are listed below.
Experiment 1: effects of systemic administration of IL-1β on the concurrent FR5/chow-feeding procedure All animals were trained until stable baseline performance was achieved (i.e., lever presses consistently over 1,200/session). On drug test days, all animals (n =8) received IP injections of the following doses of IL-1β/saline vehicle, 1.0, 2.0, and 4.0 μg/kg. This experiment used a within-groups design, with all rats receiving all drug treatments in a randomly varied order. Baseline training (i.e., nondrug) sessions were conducted four additional days per week, and behavioral performance on these baseline days was unaffected by the previous injections. All injections were given 90 min before the beginning of the testing session.
Experiment 2: effects of systemic administration of IL-1β on the concurrent FR5/chow-feeding procedure: reversal with MSX-3
All animals were trained until a stable baseline performance was achieved (i.e., lever presses over 1,200). On drug test days, rats (n =8) received IP injections of the following doses of IL-1β plus MSX-3/saline vehicle plus saline vehicle, 4.0 μg/kg IL-1β plus saline vehicle, 4.0 μg/kg IL-1β plus 0.5 mg/kg MSX-3, 4.0 μg/kg IL-1β plus 1.0 mg/kg MSX-3, and 4.0 μg/kg IL-1β plus 2.0 mg/kg MSX-3. IL-1β injections were given 90 min before testing, and MSX-3 was injected 20 min before testing. Experiment 2 used a within-group design, with all rats receiving all drug treatments in a randomly varied order. Baseline training (i.e., nondrug) sessions were conducted four additional days per week.
Experiment 3: effects of systemic administration of IL-1β on food intake and preference Rats were extensively trained until stable baseline performance was achieved (i.e., food consumption over 10 g). Then, the rats (n =8) received IP injections of the following doses of IL-1β/saline vehicle, 1.0, 2.0, and 4.0 μg/kg. This experiment used a within-group design, with all rats receiving all drug treatments in a randomly varied order. Baseline training (i.e., nondrug) sessions were conducted four additional days per week. All injections were given 90 min before the beginning of the testing session.
Experiment 4: effects of IL-1β on body temperature Untrained rats (n =8) received the following injections in a randomly varied order once per week: vehicle saline or 4.0 μg/kg IL-1β IP, 105 min before testing (i.e., at a time that corresponded to the midpoint of the operant behavior tests). This experiment used a within-group design, with all rats ultimately receiving both treatments. Rats were held loosely by an experimenter, while a thin, flexible thermistor probe (Fisher Scientific, Pittsburgh, PA) was then inserted 6 cm into the animal's rectum. Temperature was recorded when it ceased to fluctuate for at least 5 s. These methods have previously been used to measure temperature changes induced by cannabinoid receptor agonists (McLaughlin et al. 2005 (McLaughlin et al. , 2013 .
Statistical analyses
Number of lever presses and gram quantity of chow intake from the 30-min sessions in experiments 1-3 were analyzed with repeated measures of analysis of variance (ANOVA). When the overall ANOVA was significant, non-orthogonal planned comparisons using the overall error term was used to compare each treatment with the vehicle control group (Keppel 1991) . For these comparisons, α level was kept at 0.05 because the number of comparisons was restricted to the number of treatments minus one (Keppel 1991) . With this analysis, each condition that combined IL-1β plus MSX-3 was compared with the IL-1β plus vehicle condition.
Results
Experiment 1: effects of systemic administration of IL-1β on the concurrent FR5/chow-feeding procedure Systemic administration of IL-1β significantly decreased lever pressing and produced a concurrent increase in the consumption of the freely available lab chow as shown in Fig. 1a , b. The ANOVA revealed a significant effect of dose on lever pressing F (3, 21)=31.5; p <0.05. There was also an overall significant effect of dose on chow intake F(3, 21)=11.3; p < 0.05. Planned comparisons were performed and showed that the two highest doses of IL-1β significantly decreased lever pressing and increased the consumption of the freely available lab chow relative to control (p <0.05).
The results of experiment 2 are shown in Fig. 2a , b. MSX-3 was able to attenuate the behavioral effects of IL-1β. There was an overall significant effect of drug treatment on lever pressing F (4, 28)=22.2; p <0.05). There was also an overall significant effect of drug treatment on chow intake F(4, 28)= 6.7; p <0.05). Planned comparisons were performed and showed that IL-β suppressed lever pressing and increased chow intake, and that the two highest doses of MSX-3 were able to attenuate the effects of IL-Iβ, both on lever pressing and consumption of the freely available lab chow, relative to the IL-1β alone condition (p <0.05).
Experiments 3-4: IL-1β had no effect on food intake, food preference, or body temperature
The results of the feeding study (experiment 3) are shown in Fig. 3 . Administration of IL-1β had no effect on food intake, or preference of the high carbohydrate pellets vs. laboratory chow. There was a significant difference between food type consumed, with rats preferring the Bio-serv pellets over the standard lab chow (F (1, 14) =958.2; p <0.001). However, there was no significant effect of drug treatment on food intake (p >0.05), and no significant drug treatment×food type interaction (p >0.05). In experiment 4, injections of IL-1β had no effect on core body temperature. Mean (±SEM) body temperatures (in degrees Celsius) for each condition were as follows: saline vehicle, 38.19±0.16; IL-1β, 37.91±0.22 (t = 1.01, df =7, n.s.).
Discussion
These experiments were conducted to characterize the behavioral effects of the pro-inflammatory cytokine IL-1β using the concurrent FR5/chow-feeding procedure (Salamone et al. 1991 Nunes et al. 2010 ). Administration of IL-1β shifted effort-related choice behavior as measured by the FR5/chow-feeding choice task, decreasing lever pressing while producing a concomitant increase in the consumption of the concurrently available lab chow. Thus, like DA antagonism (Salamone et al. 1991 (Salamone et al. , 2001 Sink et al. 2008 ), systemic and intra-accumbens injections of the DA-depleting agent tetrabenazine (Nunes et al., unpublished data) , and intraaccumbens injections of pilocarpine (Nunes et al. 2013 1β can suppress food-reinforced lever pressing at doses that leave behavior directed towards the acquisition and consumption of food. These results are consistent with other data suggesting that IL-1β can affect instrumental responding reinforced by food. Larson et al. (2002) showed that administration of IL-1β reduced lever pressing on progressive ratio and FR32 schedules of reinforcement in mice, but had little effect on FR4 responding. Furthermore, in rats tested on a progressive ratio schedule, IL-1β decreased lever pressing and lowered the highest ratio achieved (Merali et al. 2003) .
To produce a drug-induced shift in effort-related choice behavior, functions such as primary food motivation, appetite, and the ability to consume food must be relatively intact. This could have been problematic with injections of IL-1β, because cytokines produce behavioral effects that are collectively referred to as "sickness behavior," which include decreased motor activity and loss of appetite, as well as psychomotor slowing and fatigue (Kent et al. 1992; Aubert et al. 1997; Harden et al. 2008; Dantzer 2009; Dantzer et al. 2012; Raedler 2011; Dellagioia et al. 2013; Felger and Miller 2012) . Thus, it could have been difficult to disentangle effects of IL-1β on food-reinforced lever pressing vs. those on food intake, since other drugs that suppress appetite or induce aversive food reactions, including amphetamine, fenfluramine, and cannabinoid CB1 antagonists/inverse agonists, all fail to increase chow intake at doses that suppress food-reinforced lever pressing (Cousins et al. 1994; Salamone et al. 2002; Sink et al. 2008 ). In addition, drugs that produce substantial drowsiness/sedation (e.g., the adenosine A 2A agonist CGS 21680) have been shown to decrease both lever pressing and chow intake (Mingote et al. 2008b ), and did not induce the shift from lever pressing to chow intake at systemic doses that induced sedation . Our own pilot studies indicated that higher doses of IL-1β could suppress food intake in addition to lever pressing, but the low doses used in experiments 1 above enabled us to observe a shift in choice from lever pressing to chow intake. Moreover, in the dose range tested, IL-1β did not affect intake of Bio-serv pellets or the preference for pellets over chow in free-feeding preference tests (experiment 3). Furthermore, although some studies have shown that IL-1β can increase body temperature 2-4 h after IP injection (McLaughlin et al. 1992; Mouihate et al. 1998; Taylor et al. 2002) , the results of experiment 4 demonstrated that IL-1β did not significantly affect body temperature at 105 min after injection (i.e., a time period corresponding to the midpoint of the operant behavior session). Taken together, these results suggest that IL-1β was not suppressing lever pressing for Bio-serv pellets because of changes in appetite, food preference, or a general sickness or malaise that was strong enough to reduce primary food motivation. Instead, the present results indicate that under the specific conditions studied in the present experiments, rats treated with IL-1β were still directed towards the acquisition and consumption of food, but were less likely to work for food by lever pressing.
Although the mechanism of action through which IL-1β can affect performance on the FR5/chow-feeding choice task is unknown, pro-inflammatory cytokines are reported to reduce DA transmission (Kamata et al. 2000; Shuto et al. 1997; Felger et al. 2012b; Capuron et al. 2012; Felger and Miller 2012 ; but see also Song et al. 2007 ). Thus, in view of the literature implicating DA in effort-related choice behavior, it is possible that DAergic mechanisms may contribute to the effort-related effects of IL-1β. Recent studies indicate that cytokines can interfere with DA storage by reducing expression of the type 2 monoamine transporter (VMAT2) and also can suppress DA synthesis by reducing the availability of the essential cofactor tetrahydrobiopterin (Felger and Miller 2012) . Patients treated with pro-inflammatory cytokines develop psychomotor slowing and fatigue and show reduced activation of nucleus accumbens as measured by fMRI (Capuron et al. 2012) . Moreover, reductions in the presence of the DA metabolite homovanillic acid in cerebrospinal fluid were correlated with the degree of fatigue in patients treated with IFN-α (Felger and Miller 2012) . These results suggest that cytokines may exert effects on DA that cause animals to reallocate their instrumental response selection based upon the response requirements of the task and select lower cost alternatives to obtain food . Furthermore, as described above, the effects of IL-1β in rats responding on the FR5/chow-feeding choice procedure resembled those produced by DA antagonism or depletion . Future research using microdialysis or measures of DA-related signal transduction (Segovia et al. 2011 (Segovia et al. , 2012 Santerre et al. 2012; Randall et al. 2012) should be used to study the effects of IL-1β on DA transmission, and other transmitters also should be investigated. Fig. 3 This figure shows the results of experiment 3, which assessed the effects of IL-1β on food intake and preference. Mean (±SEM) intake of Bio-serv pellets and lab chow (in grams) after treatment with vehicle and various doses (1.0-4.0 μg/kg IP) of IL-1β. There was an overall significant preference for Bio-serv pellets over chow, but no drug effects and no drug treatment by food type interaction Experiment 2 studied the ability of the selective adenosine A 2A antagonist MSX-3 to reverse the effects of IL-1β on the concurrent FR5/chow choice task. Though previous work has shown that MSX-3 had no effect of FR5/chow-feeding choice performance when administered on its own ), co-administration of MSX-3 significantly reversed the behavioral effects of IL-1β injections, restoring the baseline behavioral pattern by increasing lever pressing and decreasing chow intake in IL-1β-treated rats. These results are consistent with previous research demonstrating that adenosine A 2A receptor blockade or genetic deletion can reverse the effort-related effects of DA antagonism and depletion (Farrar et al. , 2010 Worden et al. 2009; Mott et al. 2009; Salamone et al. 2009; Nunes et al. 2010; Pardo et al. 2012) . Furthermore, the present findings are consistent with reports showing that the adenosine A 2A antagonists can produce effects that are consistent with the behavioral profile of an antidepressant in rodents tested on the swim test or tail suspension task (El Yacoubi et al. 2003; Hodgson et al. 2009; Hanff et al. 2010 ). The precise mechanism through which adenosine A 2A antagonists exert their motivational effects is unknown, although anatomical and neurochemical evidence would indicate that a likely substrate is the enkephalinpositive medium spiny neurons in nucleus accumbens (Ferré et al. 1997; Rosin et al. 1998) . In striatal regions, adenosine A 2A receptors and DA D2 receptors are concentrated on enkephalin-positive GABAergic ventral striatopallidal neurons (Ferré et al. 1997 (Ferré et al. , 2008 Rosin et al. 1998; Mingote et al. 2008a, b) , and adenosine A 2A receptor antagonism has been shown to reverse the basic cellular effects of DA depletion or D2 antagonism on these neurons (Farrar et al. 2010; Santerre et al. 2012; Nunes et al., unpublished data) . It has been suggested that adenosine A 2A receptor blockade could be useful in treating motivational symptoms in humans such as psychomotor slowing, anergia, apathy, and fatigue, which are evident in major depression and other disorders Farrar et al. 2007 Farrar et al. , 2010 Nunes et al. 2010; Santerre et al. 2012 ). Thus, it is possible that adenosine A 2A receptor antagonists could also be useful for treating effortrelated motivational symptoms produced by administration of cytokines.
In summary, these experiments focused on the behavioral effects of systemic administration of the pro-inflammatory cytokine IL-1β. IL-1β shifted effort-related choice, producing a significant decrease in lever pressing with a concurrent increase in the consumption of the freely available lab chow. The adenosine A 2A antagonist MSX-3 attenuated the behavioral impairments produced by systemic administration of IL-1β. In the same dose range that shifted effort-related choice behavior, IL-1β did not alter food intake or preference in parallel free-feeding choice studies, indicating that these low doses were not generally suppressing appetite or altering preference for the high carbohydrate pellets. In addition, IL-1β did not affect core body temperature. These results indicate that IL-1β can reduce the tendency to work for food, even at low doses that do not produce a general food-related malaise or a loss of appetite. This research has implications for the involvement of cytokines in motivational symptoms such as anergia and fatigue in depressed patients, as well as those receiving cytokine treatment (Dantzer et al. 2012) . Cytokines also are thought to be involved in the anergia/fatigue-related symptoms seen in patients with infectious or inflammatory disease (Dantzer et al. 2008; Miller 2009; Harboe et al. 2009 ), multiple sclerosis (Lapierre and Hum 2007) , and Parkinson's disease (Katsarou et al. 2007 ). Thus, it should be recognized that tests of effort-related choice behavior are not intended to serve as animal models of depression, per se. Rather, they are being studied as potential models of a specific class of symptoms (i.e., effort-related motivational symptoms) that is characteristic of depression, but also spans multiple disorders and conditions (Treadway et al. 2012; Dantzer et al. 2012; Gold et al. 2013 ). This suggestion is consistent with the recent trend in mental health research that places less emphasis on traditional diagnostic categories, and instead focuses on the neural circuits mediating specific pathological symptoms (i.e., the Research Domain Criteria approach; Cuthbert and Insel 2013) .
